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Abstract. Accelerated expansion of the Universe may result from an anti-frictional
force that is self-consistently exerted on cold dark matter (CDM). Cosmic anti-friction
is shown to give rise to an effective negative pressure of the cosmic medium. While other
models introduce a component of dark energy besides “standard” CDM, we resort to
a phenomenological one-component model of CDM with internal self-interactions. We
demonstrate how the dynamics of the ΛCDM model may be recovered as a special case
of cosmic anti-friction [1].
Measurements of supernovae of type Ia at high redshifts provide evidence
that the expansion of the Universe accelerates [2,3,4] and there are first obser-
vational indications that this acceleration sets in at a redshift below z ∼ 1 [5].
Observational aspects and some cosmological consequences of high-z supernovae
have been discussed by R. Kirshner at this conference [6]. In our contribution we
point out that other explanations besides introducing a cosmological constant
or another scalar (“quintessence”) field are possible.
Recently, the spatial geometry of the Universe has been measured by means
of the temperature fluctuations in the cosmic microwave background (CMB)
[7,8]. Based on a seven parameter fit the Boomerang team finds for the spatial
curvature Ωk = 0.03± 0.06 (value for weak priors) [7], which is consistent with
a spatially flat Universe.
The combination of CMB and high-z supernova data shows that dust (vanish-
ing pressure P ) alone cannot make up all of the mass in the Universe. An obvious
solution to this problem is provided by a cosmological constant, parameterised
by ΩΛ. However, this solution is plagued by heavy theoretical problems: Why is
ΩΛ so small? Why can we see it just know? While the first question is probably
one of fundamental physics, an answer to the second question may come from
cosmology. To avoid this “coincidence problem”, models with a new scalar field
(“quintessence” [9]) have been introduced. These models can be characterised
by the density of the scalar field, Ωφ, and its equation of state wφ ≡ Pφ/ρφ.
In the following we present an alternative explanation of CMB and high-z
supernova data in which one does not introduce another dark component besides
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CDM (see [1] for more details). Instead we add an extra force that acts on CDM.
For non-relativistic CDM particles the most general force which is compatible
with the cosmological principle was shown to reduce to
F = −B(z)mv, (1)
where m is the mass of the particles and v their peculiar velocity. This force is
directed parallel or anti-parallel to the motion of the individual CDM particles.
The quantity B(z), which has the dimension of an inverse time, obviously plays
the role of a coefficient of (anti-)friction. Macroscopically, the action of a force
of this type generates an effective viscous pressure. Thus it is not allowed to
describe CDM by a perfect fluid in that case. The exact expression for the
dynamic pressure in the presence of (anti-)frictional forces reads
P =
B
H
ρ, (2)
which gives rise to an accelerated expansion of the Universe if B < −H/3, thus
in the case of anti-friction. In our calculation we have assumed that the CDM
particle distribution is invariant with respect to elastic collisions (the collision
term in the kinetic equation vanishes), which implies that a negative pressure is
related to the phenomenon of particle production.
Even without having a microscopic model for cosmic anti-friction at hand we
can check this idea by a comparison with the data. We need to make an ansatz
for B(z). It is natural to assume B = −O(H0), since H0 is the only rate that is
distinguished by cosmology. In [1] we investigated three different models, which
all fit the supernova data. Figure 1 shows the prediction for two different models.
With the help of the CMB data we can rule out one of our models. The two
other models seem to be consistent, as is shown in figure 2.
It turns out that our third ansatz B = −νH2
0
/H , where ν is a constant,
is dynamically equivalent to the ΛCDM model, since P = −νρ0 in that case.
This ansatz fits both the CMB and the supernova data and predicts an onset
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Fig. 1. Differences of the magnitudes with respect to a (ΩM, ΩΛ) = (1, 0) uni-
verse versus redshift. The data points are taken from [3]. The thin line denotes the
(ΩM, ΩΛ) = (0.3, 0.7) universe. For the lhs figure we assume B = −νH and plot the
predictions for ν = 0.7, 0.5, 0.3 (thick lines from top to bottom). For the figure on the
rhs we assume B = −νH0 with ν = 0.9, 0.7, 0.5 (thick lines from top to bottom).
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Fig. 2. The angular scale under which the Hubble horizon at redshift z would be
observed today. The horizontal line is the angular scale, 0.9◦, of the first acoustic peak in
the CMB temperature spectrum. The curves show our three models −B ∝ H,H0, 1/H
(from top to bottom), respectively. The first model is excluded by the CMB data, the
last one is dynamically equivalent to ΛCDM.
of acceleration at zacc ≈ 0.7, but with the important difference that there is no
separate dark energy component. This degeneration with ΛCDMmay be resolved
by investigating large scale structure or clusters. Naively, one might think that
cluster data [10] immediately rule out ΩM = 1. However, one should keep in
mind that Ωcluster typically is obtained under the assumption that CDM is a
perfect fluid. In general relativity the gravitating mass is given by ρ+ 3P , thus
if there were a similar negative dynamic pressure at cluster scales, the matter
densities from clusters could be underestimated.
We have shown that effective anti-frictional forces could explain the accel-
erated expansion of the Universe. An interesting hint for finding a microscopic
model of cosmic anti-friction might be that it is the cosmological scale 1/H0 that
gives rise to the correct order of magnitude, which seems to suggest a gravita-
tional mechanism.
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